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Abstract

Leptospirosis represents a critical zoonotic bacterial disease affecting cattle productivity in
tropical regions, yet limited epidemiological data exists for Papua New Guinea (PNG). This
cross-sectional survey was conducted from June to August 2023 to assess risk factors
associated with potential leptospirosis transmission and evaluate farmers' knowledge and
management practices in cattle farms across Morobe Province, PNG. Data were collected
from 22 cattle farms (4 commercials, 18 smallholder) through structured questionnaires and
interviews covering farm characteristics, environmental risk factors, farmers' knowledge,
clinical observations, and management practices. Among 22 farms surveyed (response rate
100%), 82% of farmers lacked knowledge about leptospirosis. High-risk environmental factors
were prevalent: 73% reported rat infestations, 59% experienced high rainfall, and 41% faced
flooding. Vary clinical signs potentially associated with leptospirosis were observed in all the
farms, including skin diseases (23%), Diarrhoea (21%), weak offspring (17%), stillbirths
(13%) and others (less than 7%). Veterinary service access was limited to 23% of farms, and
86% lacked biosecurity measures. This study identified multiple risk factors potentially
facilitating leptospirosis transmission in PNG cattle farms, including poor water management,
limited disease knowledge, and inadequate veterinary support. However, definitive
leptospirosis diagnosis requires laboratory confirmation. These findings provide baseline data
for developing targeted intervention strategies.
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presence primarily through mammalian reservoir hosts,
particularly rats and dogs, alongside various wildlife species.
Transmission occurs through multiple pathways, including

Introduction
Leptospirosis represents a significant infectious bacterial

disease affecting both animals and humans globally (Backer
1998; Evangelista and Coburn 2010; Victoriano et al. 2009;
Wojcik-Fatla et al. 2013). The disease demonstrates
particularly high prevalence in tropical and subtropical
regions, where environmental  conditions  optimize
transmission pathways (Boonsilp et al. 2013; Evangelista and
Coburn 2010; Shagfigi et al. 2014). Caused by spiral-shaped
bacteria comprising over 200 distinct strains and serovars,
leptospirosis affects a broad range of host species, including
both animals and humans (Bharti et al. 2003; Brown and
Levett 1997; Zelski 2007). The pathogen maintains its

inhalation, ingestion, skin abrasions, or direct contact with
infected urine or tissues (Victoriano et al. 2009).
Environmental transmission frequently occurs through
contaminated soil, pasture, and water sources, particularly
during periods of high rainfall and flooding increases the
transmission risks (Zelski 2007).

In the cattle industry, leptospirosis causes substantial
economic losses worldwide (Dhivahar et al. 2019; Hatem et
al. 2014). Two serovars in particular - Leptospira
borgpetersenii serovar Hardjo and Leptospira interrogans
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serovar Pomona - have emerged as primary pathogens,
causing systematic illness characterized by abortion, neonatal
death, weak calves, high fever, jaundice, decreased milk
production, and reddish discoloration of urine (Wynwood et
al. 2016; Zelski 2007). While proper sanitation and hygiene
practices can effectively prevent leptospirosis transmission,
such measures are often challenging to implement in
developing countries (Guernier et al. 2018).

Papua New Guinea's tropical climate and agricultural
practices create conditions conducive to leptospirosis
transmission. Previous studies have documented the presence
of leptospirosis in PNG's livestock populations (Javati et al.
2022; Robby et al. 2017; Wai’in 2007; Yombo 2006), yet
comprehensive  epidemiological data remain limited,
particularly regarding risk factors and farmers' knowledge.
Understanding the epidemiology of leptospirosis in PNG's
cattle industry is crucial for developing effective control
strategies. This knowledge gap hampers disease prevention
efforts and may contribute to ongoing production losses in the
livestock sector (Guernier et al. 2018; Mazzanti et al. 2023).

This cross-sectional survey aimed to assess the prevalence of
potential risk factors associated with leptospirosis
transmission in cattle farms, evaluate farmers' knowledge and
awareness of leptospirosis, document clinical signs potentially
associated with leptospirosis, identify management practices
that may influence disease transmission risk, and provide
baseline epidemiological data to inform future intervention
strategies.

Material and Methods

Study design

This  research employed a cross-sectional  survey
methodology, collecting data from multiple farms at three
sperate time points through structured questionnaires and
semi-structured interviews. The survey instrument captured
comprehensive data across multiple parameters: Farm
operational details; Farmers' knowledge and understanding of
leptospirosis; Clinical and disease aspects in cattle production;
Access to veterinary services; Environmental and
geographical characteristics; Common clinical symptoms
observed in cattle.

Survey location and Population

This cross-sectional survey was conducted in Morobe
Province, PNG, from June to August 2023. Morobe Province
(6°S latitude) is characterized by distinct seasonal rainfall
patterns with annual precipitation ranging from 1000-2500
mm. The province's cattle operations are primarily
concentrated in the Markham Valley plains (Wai’in 2007).
The study population comprised of 22 cattle farms both
commercial and holder population. This study population
provides adequate representation of cattle farming operations
in Morobe Province for a descriptive cross-sectional study.
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Fig.6 Map of epidemiological survey sites (QGIS was used
for map creation and visualization)

Data collection

Primary data collection utilized a dual approach combining
structured questionnaires and semi-structured interviews.
Structured questionnaires were administered by trained
interviewers using a standardized format to ensure consistent
data collection across all research parameters. Semi-structured
interviews allowed for detailed exploration of research
objectives, facilitated collection of qualitative insights, and
enabled clarification of questionnaire responses. Additionally,
researchers conducted systematic physical observations at
each farm site, documenting relevant environmental and
operational characteristics.

The survey captured both qualitative and quantitative data
across several key domains. Farm characteristics data
included historical background, geographical location,
environmental conditions, and rainfall patterns. Disease status
information encompassed farmers' observations of herd
health, common clinical symptoms, disease patterns and
frequency, and treatment approaches. Risk factors assessment
covered potential  disease  transmission  pathways,
environmental risk factors, management practices, and
biosecurity measures. Herd management data included breed
characteristics and sources, vaccination protocols, general
farm biosecurity practices, and animal health management
strategies.

Data analysis

Information obtained from the current survey using both the
structured questionnaire and semi-interviews were processed
and analysed using R — program version 12. The data set
contains response variables which were mostly binary sets of
yes and no, and in some cases, a third variable ‘not sure’ was
added. Since all the data are in categorical form, we used Chi-
squared test which is a non-parametric test. Since the data is
in matrix format, we rearranged it using melt function into
three columns which are farms, variables (target questions)
and response (no/yes) respectively. Then we calculated the
counts of ‘no’ and ‘yes’ (response) for each variable. We
divided respective counts of ‘no’ and ‘yes’ with the total
count and multiplied by 100 to obtain the proportion of each
response. Specifically, for different water sources,
information sources, clinical signs of diseases and types of
treatments, we only use the ‘yes’ response as it gives the
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proportion that is comparable to each other. The xtab function
was used to create a matrix table of variables versus response
(no/yes). Then we analysed the matrix data using the chi-
square tests function to get the Chi-squared value (X?),
degrees of freedom (df) and p-value. All the plotting was
done with GGPLOT2 package.

Results

Farm characteristics and response rate

Twenty-two cattle farms participated in the survey,
representing both commercial and smallholder farms in
Morobe Province. The sample included 4 large commercial
operations and 18 small commercial farms. No participants
declined specific questions, resulting in complete data for all
variables.

Table 1. Provides comprehensive details of surveyed
farms, including operational scale, breed type, and herd

size.
#  Surveyed Operational Breed Herd
Farms Scale Type Size
1 LDC Large holder Brahman 400
commercial
2 RAIL Large holder Brahman More
commercial than
1000
3 Trukai Farm  Larger holder Brahman 400
commercial
4  Coastal Large holder Brahman 500
Solutions commercial
5 Zifasing Small holder Brahman 400
Cattle commercial
Ranch
6 Agro Small holder Brahman More
Venture commercial than 50
Limited
7 Zifasing Small holder Brahman More
commercial than 100
8 Bismark Small holder Brahman 614
commercial
9 DAL Small holder Brahman More
Warwin commercial than 51
10 DAL Erap Small holder Brahman More
commercial than 51
11  Rumion Small holder Brahman More
Farm commercial than 51
12 EBC Small holder Holstein ~ More
commercial than 51
13  Unitech Small holder Brahman 21-50
Farm Research
14  Mike Angan  Small holder Brahman 21-50

commercial

15 Fatob Small holder Brahman 92
commercial

16 Aki Small holder Brahman 47
commercial

17 LNP Farm Small holder Brahman 11
commercial

18 BNF Farm Small holder Brahman 30
commercial

19 Sawar Farm  Small holder Brahman 46
commercial

20 Man Farm Small holder Brahman 15
commercial

21 FTKFarm Small holder Brahman 32
commercial

22 S4WFarm  Small holder Brahman 77
commercial

LDC = Livestock Development Cooperation; RAIL = Ramu
Agri Industry Limited; EBC = Evangelical Brotherhood
Church: DAL = Department of Agriculture and Livestock.
Other acronyms (LNP, BNF, FTK, S4W) are names not
defined.

Farmers knowledge, experiences and practices related to
leptospirosis in cattle production

Table 2. Chi-squared analysis of farmer responses on
leptospirosis, rats, flooding and biosecurity. This table
presents chi-squared (X?) analysis of proportions of responses
from 22 farms regarding flooding, rat infestation, leptospirosis
information sources, transmission pathways (via rats and
flooding), animal disease problems, treatment types,
veterinary service access, and biosecurity measures. Each
analysis includes X? values, degrees of freedom (df), and p-
values. The data corresponds to the information depicted in
figures 1A, 1B, 1C, 1D, 1E, 1F, 1G, 1H and 1l.

Figure Analysis and Description

1A Distribution of environmental risk factors across
22 singleton farms shows high rainfall is
significantly more common than flooding (X2 =
54.959, df = 2, p < 0.001).

1B Rat infestation status across farms indicates
significantly  higher  proportion of farms
experiencing rat infestations compared to those
reporting no infestation or uncertainty (X2 =
69.835, df = 2, p < 0.001).

1C Assessment of prior leptospirosis knowledge
reveals significantly more farms lack knowledge
about leptospirosis compared to those with some
awareness (X2 = 40.496, df = 1, p < 0.001).

1D Awareness of rat urine as a leptospirosis
transmission vector shows significantly more
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farms unaware of this transmission route
compared to those with knowledge or uncertainty
(X2=41.322, df = 2, p <0.001).

1E Understanding of rainfall and flooding as
leptospirosis  transmission  factors indicates
significantly more farms lack knowledge of these
environmental transmission routes compared to
those aware or uncertain (X2 =54.959, df =2, p <
0.001).

1F Perception of animal disease impact on cattle
production demonstrates most farmers recognize
animal disease as a major production challenge,
with few unaware or uncertain (X2 = 32.645, df =
2, p<0.001).

1G Reported cattle mortality rates show significantly
more farms experiencing high mortality compared
to those reporting low mortality (X2 = 42.562, df
=2, p<0.001).

1H Access to veterinary and animal health services
assessment reveals significantly more farms lack
access to these services compared to those with
access (X2 =29.752, df = 2, p < 0.001).

1l Implementation of biosecurity measures or
disease prevention strategies indicates
significantly more farms lack these protective
measures compared to those with some form of
biosecurity protocols (X2 = 52.893, df = 1, p <
0.001).
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Fig. 1 Cattle farmers' knowledge of leptospirosis:
Understanding of clinical manifestations and disease impact
on production. Detailed captions and analysis for each bar plot
(A-1) are presented in Table 2.

The statistical analysis of this section is outlined in Table 2
and figures in Figure 1 (A-I). Fifty-nine percent (59%) of the
farm owners responded that they experienced high rainfall
while 41% face flooding on their farms. Most farms
experienced rat infestation (73%) while 14% of the farm
owners were unsure, however, 14% mentioned no rat
infestation. Very few farm owners have prior knowledge of

leptospirosis (18%) while the rest had no prior knowledge
(82%). Most of the respondents did not know that
leptospirosis is transmitted via rat’s urine (64%), few are sure
of this transmission mode (18%) while 14% are not sure of
this transmission. Sixty-eight percent (68%) of the
respondents did not know that leptospirosis can be transmitted
by rainfall or flooding. However, 14% knew about this
transmission mode while 18% were unsure. Most of the farm
owners responded that animal disease is a major problem in
the cattle industry (59%), however, a few did not see it as a
problem (27%) while 14% were unsure. Most of the farms
experienced cattle mortality (64%), however, 23% reported no
cattle mortality while 14% were not sure. Only 23% of the
farms have access to veterinary services while the rest do not
have such services. In line with veterinary services, most of
the farms do not have biosecurity measures or disease
prevention strategies in place (86%) while only a few farms
are practicing biosecurity (14%).

Table 3. Chi-squared analysis of farmer responses on water
sources, leptospirosis knowledge and cattle health. This table
presents chi-squared (X?) analysis of response proportions
from 22 farms regarding water sources, leptospirosis
knowledge, cattle mortality, and disease clinical signs. Each
analysis includes corresponding X? values, degrees of freedom
(df), and p-values. The data corresponds to the information
depicted in figures 2A, 2B, 2C, and 2D.

Figure Analysis and Description

2A Streams and open-source water are common
types of water sources for cattle across the 22
singleton farms (X2 = 21.52, df = 3, p < 0.001).

2B While most farm owners learnt about
leptospirosis from health officers, they did not
learn that in school and media (X2 = 67.091, df =
6, p <0.001).

2C Most farm owners responded that they observed
animals having skin disease and diarrhea while
diseases such as lameness and jaundice are rare
(X2=71.38, df = 10, p < 0.001).

2D Most farm owners isolate their animals when
they are sick while vaccination and veterinary
drugs are rarely used (X2 = 48.168, df =5, p <
0.001).

The types of water sources used varied across the farms. Most
farms use streams and open water sources for their animals
(42%) while 29% use water trough (Fig. 2A). Few farms use
irrigation (17%) while very few (12%) uses bore water.
Generally, farms do not have adequate knowledge of
leptospirosis. About 36% of the farm owners came to know
about leptospirosis through animal health officers. A fair
proportion of farm owners learnt about leptospirosis through
awareness, seminar and in schools (18%). Very few
respondents learnt about leptospirosis through reading (9%).
The type of clinical signs observed varied across the cattle
farms (Fig. 2C). Most farm owners indicated that skin disease
and diarrhea are common (23%) followed by weak offspring
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(17%) and still birth (13%). Other clinical signs such as
prolapse of uterus, jaundice, lameness, low calving rate, low
milk production and others are rare. The types of treatments
administered to sick animals also differ across farms (Fig.
2D). Most farms isolate animals when they are sick (42%)
followed by drenching and local remedies (15%). Only 13%
uses veterinary drugs while 8% uses vaccination and other
treatments.

Water sources used across farms
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Figure 2. Different water sources (A), information sources
(B), clinical signs of diseases (C) and types of treatments used
(D) across the 22 farms. The percentages are the count when
the farm owners responded ‘yes’. Proportions are calculated
by dividing individual count of ‘yes’ by the sum and then
multiplied by 100.

Discussion

This cross-sectional survey identified several concerning
patterns regarding potential leptospirosis risk factors in
Morobe Province cattle farms. The high prevalence of
environmental risk factors, combined with limited disease
knowledge and inadequate veterinary support, suggests
conditions conducive to leptospirosis transmission.

Knowledge gaps and educational needs

The finding that 82% of farmers lack knowledge about
leptospirosis represents a critical barrier to disease prevention
(Table 2, Fig. 1C). This knowledge deficit is particularly
concerning given the high prevalence of environmental risk
factors. Similar knowledge gaps have been documented in
other developing regions (Mlowe et al. 2023; Fatema et al.
2023; Prabhu et al. 2014; Guernier et al. 2018; Victoriano et
al. 2009), highlighting the need for targeted educational
interventions. The sources of information used to learn about
leptospirosis did not vary across the farms (Table 3; Fig. 2C).
There was no difference between commercial and smallholder
farms when it comes to information sources on leptospirosis.
Among the minority with knowledge about leptospirosis,
animal health officers were the primary source of information
(36%), followed equally by awareness campaigns (18%),

seminars (18%), and schools (18%), while book reading was
the least common source (9%) (Fig. 2B).

The limited awareness extends to critical transmission
pathways. Most farmers (64%) were unaware that rodents
serve as vectors for leptospirosis, which is particularly
troubling given the high reported rat infestation rates and
research showing Leptospira spp. can remain viable for up to
200 days under favourable conditions (Pastre et al. 2020).
Similarly, 68% of the respondents did not recognize rainfall
and flooding as transmission vectors, despite numerous
studies documenting this relationship (Evangelista and
Coburn 2010; Guernier et al. 2018; Zelski 2007) and the
region's documented rainfall patterns.

Commercial farms with access to private veterinary services
generally demonstrated better awareness, highlighting a
disparity in access to disease information. These knowledge
gaps could have drastic effects on cattle production and
underscore the urgent need for improved education on
leptospirosis epidemiology to enable farmers to implement
effective prevention strategies against this bacterial zoonosis
and other livestock diseases.

Environmental risk factors

The predominant reliance on open water sources (42% of
farms — Fig. 2A) combined with high rainfall patterns creates
conditions favorable for leptospirosis transmission. The
presence of rat infestations in 73% (Fig. 1B) of farms further
compounds transmission risks, as rodents serve as important
reservoir hosts for Leptospira species.

The high prevalence of these risk factors aligns with previous
studies documenting leptospirosis transmission through
contaminated water sources (Evangelista and Coburn 2010;
Guernier et al. 2018). The situation is further complicated by
the region's substantial rainfall patterns, with survey data
confirming frequent heavy rainfall events significantly
exceeding flooding occurrences. While some commercial
operations (e.g., RAIL and Rumion) can implement water
management strategies through mechanical intervention, most
smallholder farms lack such capabilities, forcing reliance on
basic mitigation strategies such as livestock relocation. Farms
situated along the big Markham River indicated experiences
of their cattle being drowned during heavy rainfall and
flooding.

The cross-sectional epidemiological survey also reveals the
risk of leptospirosis transmission through contaminated water
from infected rat urine or infected cattle defecating or
urinating directly into the water sources. This creates a risk of
leptospirosis  transmission between farms during heavy
rainfall and flood (CFSPH 2005). However, this survey was
not able to establish the history of leptospirosis transmission
between or within cattle farms during rainfall season and
floods.

Clinical impact and healthcare access

The survey findings reveal substantial clinical impacts across
surveyed cattle operations in PNG. Production losses include
high mortality rates along with diverse clinical manifestations
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such as skin disease, stillbirths, and weak offspring.
Smallholder farms experience more stillbirth and weak
offspring than in commercial farms (Table 3, Fig. 2C). While
clinical signs potentially consistent with leptospirosis were
observed in cattle farms, it is crucial to emphasize that these
observations do not constitute confirmed leptospirosis
diagnosis. The clinical signs reported (stillbirths, weak
offspring, skin diseases) are nonspecific and could result from
various other pathogens including brucellosis, neosporosis,
bovine viral diarrhea, or other cattle diseases. Laboratory
confirmation through serological testing or bacterial isolation
is essential to establish definitive leptospirosis diagnosis. This
survey provides only circumstantial evidence of potential
disease presence based on compatible clinical presentations
and environmental risk factors.

Previous research has established leptospirosis as a primary
concern causing abortion and mortality in cattle production
(Dhivahar et al. 2019; Hashimoto et al. 2017; Wai’in et al.
2006). The heightened risk of disease transmission
necessitates proper awareness, training on prevention
strategies, and veterinary support. A significant challenge to
animal health services in PNG stems from insufficient
veterinarians and animal health officers available to address
farmers' needs.

The types of treatments administered to sick animals varied
across farm (Table 3; Fig. 2D). Most smallholder farms resort
to restraining and isolating sick animals, followed by applying
local remedies and drenching. Access to proper veterinary
medicine is not common practice in smallholder farms, with
sick animals often left to recover without intervention.

A significant healthcare access disparity exists, with 73% of
the farms lacking access to veterinary services (Table 2, Fig.
1H). Only large commercial operations such as Trukai Farms,
Rumion Farm, and Ramu Agri Industries Limited can afford
private veterinarians, veterinary drugs, and routine
vaccination programs against common cattle diseases.

This situation highlights the urgent need for government
agencies and authorities to investigate and address the
requirement for improved animal health services, increase
awareness, and provide appropriate animal health training
throughout the country.

Biosecurity and disease prevention

The survey revealed critical deficiencies in biosecurity
measures across cattle operations. Most cattle farms (83%)
especially smallholder farms lack formal biosecurity protocols
or disease prevention strategies, while only a few (14%)
commercial farms have implemented some form of protection
against potential disease incursion and transmission (Table 2,
Fig. 1I). The cross-sectional survey identified Ramu Agri
Industry Limited and Rumion Farms to implement partial
biosecurity measures, focusing primarily on breeding stock
screening, vaccination programs, and movement control
implementation.

The lack of comprehensive biosecurity measures, particularly
among smallholder operations, represents a significant

vulnerability in regional disease control efforts. This finding
aligns with documented challenges in implementing
biosecurity measures in developing regions (Heckert et al.
2011; Msimang et al. 2021).

Implementation gaps stem from limited understanding of
disease prevention strategies and insufficient resources. Other
notable significant risk factors include frequent integration of
cattle with other livestock species, close human-animal
contact patterns, and limited disease screening in breeding
stock. This integration of different animal species with cattle
substantially increases the risk of disease transmission
between various species.

Conclusions

This cross-sectional survey identified multiple risk factors
potentially associated with leptospirosis transmission in PNG
cattle farms, including poor water management, limited
disease knowledge, and inadequate veterinary support.
However, the absence of laboratory confirmation means that
actual leptospirosis occurrence remains unverified, and all
inferences about disease presence are hypothetical.

The study provides baseline epidemiological data that can
inform future research priorities and intervention strategies.
Key findings include widespread knowledge gaps (82% of
farmers), high prevalence of environmental risk factors (73%
rat infestation, 42% use open water source), and limited
healthcare access (77% without veterinary services). This
limitation, coupled with inadequate biosecurity measures
affecting 86% of surveyed farms, presents substantial
challenges for disease control and prevention.

These findings contribute to understanding potential disease
risks in PNG's cattle industry while acknowledging the need
for confirmatory diagnostic studies to establish definitive
disease presence and transmission patterns.
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